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(54) Automatic steering device for vehicules 

(57) When a driver voluntarily operates the steering 
during an automatic steering control operation, the 
automatic steering control operation is discontinued and 
a normal power steering control operation is resumed. 
The automatic steering control operation is not quickly 
changed to power steering control operation, but rather 
is gradually changed to the power steering control oper- 
ation, to prevent a sudden change in the steering reac- 
tion which the driver receives from the steering wheel 



and, hence, to decrease the feeling of incompatibility. 
While the control amount of a steering actuator changes 
accompanying the change of the operation from the 
mode of automatic steering control operation to the 
mode of power steering control operation, the control 
amount is linearly changed from a value of the auto- 
matic steering control operation to a value of the power 
steering control operation over a predetermined period 
of time. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an automatic 
steering device for vehicles for automatically parking the 
vehicle without relying upon a steering operation by the 
driver. w 

Description of the Prior Art 

[0002] Automatic steering devices for vehicles are 
known in Japanese Patent Application Laid-Open Nos. is 
3-74256 and 4-55168, for example. These automatic 
steering devices for vehicles utilize an actuator of a well 
known electric power steering system, and are 
designed to automatically effect reverse parking or lon- 
gitudinal parking by controlling the actuator based on a 20 
relationship between a traveling distance of the vehicle 
and a steering angle, which has been stored in 
advance. 

[0003] According to the prior art, the driver operates 
the steering wheel while the automatic steering opera- 25 
tion is being controlled and when it is judged that the 
steering torque has exceeded a predetermined refer- 
ence steering torque, the automatic steering control 
operation is discontinued and a normal power steering 
control operation is assumed. When the automatic 30 
steering control operation is quickly changed to the 
mode of the power steering control operation, however, 
the steering reaction of the steering wheel suddenly 
decreases or increases causing the driver to feel an 
incompatibility. 35 

SUMMARY OF THE INVENTION 

[0004] The present invention has been accomplished 
in view of the above-mentioned circumstances, and its 40 
object is to save the driver from feeling the incompatibil- 
ity when the automatic steering control operation is 
changed to the mode of the power steering control oper- 
ation. 

[0005] In order to accomplish the above-mentioned 45 
object, the present invention is concerned with an auto- 
matic steering device for vehicles comprising, an actua- 
tor for steering wheels of the vehicle; a movement locus 
setting means for storing or calculating a locus of move- 
ment of a vehicle up to a target position; and a control so 
means for changing between a first control state for con- 
trolling the operation of the actuator based on a steering 
torque exerted by a driver on a vehicle steering wheel 
and a second control state for controlling the operation 
of the actuator based on the locus of movement set by ss 
the movement locus setting means. The control means 
gradually changes the second control state to the first 
control state. Accordingly, the second control state in 



which the driving of the actuator is controlled based 
upon the locus of movement set by the movement locus 
setting means, is gradually changed to the first control 
state in which the operation of the actuator is controlled 
based upon the steering torque exerted to the steering 
wheel by the driver. Therefore, the steering reaction of 
the steering wheel is prevented from suddenly chang- 
ing, and thus, the driver feels more compatibility. 
[0006] The present invention is also concerned with 
an automatic steering device for vehicles, wherein the 
second control state is changed to the first control state 
by changing a control amount of the actuator in the sec- 
ond control state up to a control amount of the actuator 
in the first control state over a predetermined period of 
time. The second control state can thus be gradually 
changed to the first control state relying on a simple 
control operation. According to this embodiment, the 
required time has been set to be one second, which, 
however, can be changed depending upon the design 
requirements. 

[0007] The invention is further concerned with an 
automatic steering device for vehicles, wherein detec- 
tion means detects a steering speed or a steering 
torque, and the rate of changing the second control 
state to the first control state is increased depending 
upon the steering speed or the steering torque that is 
detected. Thus, when the driver quickly manipulates the 
steering wheel in an attempt to avoid obstacles, the sec- 
ond control state is quickly changed to the first control 
state, making it possible to reliably avoid the obstacles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] An embodiment for carrying out the present 
invention will now be described by way of an example 
shown in the accompanying drawings. 

Fig. 1 is a diagram illustrating a vehicle equipped 
with a steering control device according to the 
embodiment of the present invention. 
Figs. 2A and 2B are diagrams illustrating the opera- 
tion of reverse parking/left mode. 
Fig. 3 is a diagram illustrating mode selecting 
switches and an automatic parking start switch. 
Figs. 4A and 4B are graphs illustrating an amount 
of control of the actuator when the operation is 
changed from the mode of the automatic steering 
control operation to the mode of the power steering 
control operation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] As shown in Fig. 1 . a vehicle V includes a pair 
of front wheels Wf. Wf and a pair of rear wheels Wr, Wr. 
A steering wheel 1 and the front wheels Wf, Wf which 
are steering wheels, are connected together through a 
steering shaft 2 that rotates together with the steering 
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wheel 1 , a pinion 3 provided at a lower end of the steer- 
ing shaft 2, a rack 4 meshed with the pinion 3, right and 
left tie rods 5, 5, provided at both ends of the rack 4, and 
right and left steering knuckles 6, 6, connected to the tie 
rods 5, 5. A steering actuator 7 comprising an electric 5 
motor, is connected to the steering shaft 2 through a 
worm gear mechanism 8 in order to assist the driver in 
operating the steering wheel 1 or to conduct automatic 
steering for garaging of the vehicle which will be 
described below. 10 
[0010] A steering control unit 21 comprises a control- 
ler 22 and a storage means 23. The controller 22 
receives a signal from a steering angle detecting means 
St for detecting the steering angle e of the front wheels 
Wf, Wf based on the rotational angle of the steering is 
wheel 1, a signal from a steering torque detecting 
means S 2 for detecting the steering torque of the steer- 
ing wheel 1, signals from front wheel rotational angle 
detecting means S 3 , S3, for detecting rotational angles 
of the right and left front wheels Wf, Wf, a signal from a 20 
brake operation amount detecting means S 4 for detect- 
ing the operation amount of a brake pedal 9, a signal 
from a shift range detecting means S 5 for detecting the 
shift range selected by a select lever 10 ( "D" range, "FT 
range. "NT range, "P" range, etc.), and signals from a 25 
total of eight object detecting means S 6 mounted at a 
front portion, a central portion and a rear portion of the 
vehicle V. The object detecting means S 6 may be any 
known type of detector such as sonar, radar, television 
camera or the like. Lines connecting the eight object 30 
detecting means S 6 and the controller 22 are omitted to 
simplify the drawing. 

[001 1 ] A mode selecting switch S 7 and an automatic 
parking start switch S 8 , which are both operated by the 
driver, are connected to the controller 22. As will be 35 
obvious from Fig. 3, the mode selecting switch S 7 is 
operated at the time of selecting any one of four parking 
modes, i.e., a reverse parking/right mode, a reverse 
parking/left mode, a longitudinal parking/right mode and 
a longitudinal parking/left mode, and includes four 40 
swrtch buttons corresponding to these modes. The 
automatic parking start switch Ss is operated to start 
automatic parking in any mode selected by the mode 
selecting switch S 7 . 

[001 2] Data for the four parking modes, i.e., relation- 45 
ships of standard steering angles Oref relative to 
traveling distances X of the vehicle V are stored in 
advance, in the storage means 23, in the form of a table. 
The traveling distance X of the vehicle V, is calculated 
by multiplying the peripheral length of the front wheel Wf so 
by the rotational angle of the front wheel Wf detected by 
the front wheel rotational angle detecting means S3, S3. 
A high-select value, a lowrselect-value_or-an average - 
value of the pair of right and left front wheel rotational 
angle detecting means S3, S3 is used for calculating the ss 
traveling distance X. 

[001 3] The controller 22 controls the operation of the 
steering actuator 7 and the operation of an operation 
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display device 1 1 which includes a liquid crystal moni- 
tor, a speaker, a lamp, a chime, a buzzer or the like, 
based on the signals from the detecting means to S 6 
and the switches S 7 S s , and the data of the parking 
modes stored m the storage means 23. 
[0014] The operation of the embodiment of the 
present invention having the above-described arrange- 
ment will be described below. 

[0015] When the vehicle is in a normal state in which 
automatic parking is not carried out (when the auto- 
matic parking start switch S 8 is not turned on), the steer- 
ing control unit 21 functions as a general power steering 
control unit. More specifically, when the steering wheel 
1 is operated by the driver to turn the vehicle V, the 
steering torque detecting means S2 detects the steering 
torque input to the steering wheel 1 , and the controller 
22 controls the operation of the steering actuator 7 
based on the steering torque. As a result, the right and 
left front wheels Wf, Wf are steered by the driving force 
from the steering actuator 7, assisting the driver in exe- 
cuting the steering operation. The state where the 
power steering control operation is being executed cor- 
responds to the first control state according to the 
embodiment of the present invention, and the state 
where the automatic steering control operation is being 
executed corresponds to the second control state 
according to the embodiment of the present invention. 
[0016] Next, automatic parking control will be 
described with reference to the reverse parking/left 
mode (mode in which the vehicle V moves back to a 
parking position on the left side of the vehicle V). 
[0017] First, as shown in Fig. 2A, the vehicle V is 
moved near to a garage to be parked, in a state in which 
the left side of the vehicle body is located as close as 
possible to the entrance line of the garage, the vehicle V 
is stopped at a position (start position (1)) at which a 
predetermined reference point (e.g., a mark formed on 
the inside of the door or a left side-view mirror) is 
aligned with a center line of the garage. The mode 
selecting switch S 7 is operated to select the reverse 
parking/left mode and the automatic parking start switch 
S 8 is turned on to start the automatic parking control 
operation. While the automatic parking control opera- 
tion is being carried out, the operation display device 1 1 
displays the present position of the vehicle, obstacles 
surrounding the vehicle, a parking position, expected 
locus of movement of the vehicle from the start position 
to the parking position, a reversing position at which the 
forward movement is changed into the backward move- 
ment, etc. and, at the same time, notifies the driver of 
various instructions such as operations of the select 
lever 10 at the reversing position by voice from a 
speaker, as -well as an- alarm.- 

[0018] Owing to the automatic parking control opera- 
tion, the driver loosens the brake pedal 9 and lets the 
vehicle V creep. Therefore, without the need of operat- 
ing the steering wheel 1 , the front wheels Wf, Wf are 
automatically steered based upon the data of the 
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reverse parking/left mode selected by the mode select- 
ing switch S 7 . That is, while the vehicle V moves forward 
from the start position (1) to the reversing position (2), 
the front wheels Wf, Wf are automatically steered 
toward the right and while the vehicle V moves back- 
ward from the reversing position (2) to a target position 
(3), the front wheels Wf, Wf are automatically steered 
toward the left. 

[0019] As can be seen from Fig. 2B, while the auto- 
matic steering is being carried out, the controller 22 cal- 
culates a deviation E = (9ref-G) based on the 
standard steering angle ttref in the reverse parking/left 
mode, read out from the storage means 23 and the 
steering angle 6 inputted from the steering angle detect- 
ing means St , and controls the operation of the steering 
actuator 7, so that the deviation E becomes 0. At this 
time, the data of standard steering angle Gref has been 
set in correspondence to the traveling distance X of the 
vehicle V Hence, despite that there is a small variation 
in the vehicle speed during the creeping of the vehicle, 
the vehicle V always moves along the above-described 
locus of movement. 

[0020] The automatic parking control is executed 
while the driver is depressing the brake pedal 9 and the 
vehicle is creeping. Thus, in the event the driver 
becomes aware of an obstacle, he may quickly depress 
the brake pedal 9 to stop the vehicle V. 
[0021] The automatic parking control is canceled 
when the driver turns the mode selecting switch S 7 off, 
as well as when the driver moves his foot away from the 
brake pedal 9, when the driver operates the steering 
wheel 1 , or when an obstacle is detected by any one of 
the object detecting means S 6 Then, the normal power 
steering control is resumed. 

[0022] Further, described below is the situation when 
the driver operates the steering wheel 1 to discontinue 
the automatic parking control. When the driver has dis- 
covered an obstacle during the automatic steering con- 
trol operation or when the driver wishes to change his 
course, he may operate the steering wheel 1 . Then, the 
steering torque detection means S2 detects the steering 
torque produced by the steering operation of the driver, 
whereby the controller 22 interrupts the automatic steer- 
ing control operation and changes the operation to the 
normal power steering control operation. This avoids 
interference between automatic steering and steering 
by the operation of the driver making it possible to 
quickly avoid obstacles. Besides, no particular switching 
operation needs be executed to discontinue the auto- 
matic steering control operation, enhancing the conven- 
ience. 

[0023] When the automatic steering control operation 
is changed to the power steering control operation as a 
result of the fact that the driver has operated the steer- 
ing wheel 1 during the automatic steering control oper- 
ation, the control amount of the steering actuator 7 is 
changed from a control amount in the automatic steer- 
ing control operation to a control amount in the power 



steering control operation. When the control operation 
is suddenly changed as indicated by the solid line in Fig. 
4, the steering reaction abruptly changes while the 
steering wheel 1 is being operated, and the driver may 

5 feel an incompatibility. 

[0024] When the control amount of the steering actu- 
ator 7 decreases accompanying the change of opera- 
tion from automatic steering control to power steering 
control, the control amount is linearly decreased from a 

70 value of the automatic steering control down to a value 
of the power steering control over the passage of a pre- 
determined period of time to as shown in Fig. 4A, so that 
the steering reaction which the driver receives from the 
steering wheel 1, will not suddenly change. When the 

75 control amount of the steering actuator 7 increases 
accompanying the change of operation from automatic 
steering control to power steering control, the amount of 
control is nearly increased from a value of the automatic 
steering control up to a value of the power steering con- 

20 trol over the passage of the predetermined period of 
time ^ as shown in Fig. 4B, so that the steering reaction 
which the driver receives from the steering wheel 1 will 
not suddenly change. This decreases the feeling of 
incompatibility which the driver may receive, and further 

25 prevents the occurrence of the steering angle becoming 
excessive since the steering wheel 1 suddenly 
becomes light or the required steering angle not being 
obtained since the steering wheel 1 suddenly becomes 
heavy. 

30 [0025] When the predetermined period of time to is too 
short, the steering reaction suddenly changes and the 
effect is not obtained to a sufficient degree. When the 
predetermined period of time to is too long, on the other 
hand, the proper power steering control operation is not 

35 quickly assumed. It is therefore desired that the prede- 
termined period of time to is set, for example, to about 
one second. 

[0026] The predetermined period of time ^ may not be 
fixed but may be a function of the steering speed or the 

40 steering torque. That is, when the steering speed is high 
or the steering torque is large, i.e., when a quick steer- 
ing operation is effected, the predetermined period of 
time to may be shortened so that the automatic steering 
control operation can be quickly changed to the power 

45 steering control operation to enhance the steering 
response. Therefore, when the driver who has discov- 
ered an obstacle during the automatic steering control 
operation, quickly operates the steering wheel 1, the 
power steering function can be quickly effected and the 

so obstacle can be reliably avoided. 

[0027] The steering speed is obtained as a time differ- 
entiation value of the steering angle 6 detected by the 
steering angle detecting means S v Therefore, the 
steering angle detecting means in this embodiment 

55 also functions as a detecting means for detecting the 
steering speed. 

[0028] In the above embodiment, the locus of move- 
ment of the vehicle V up to the target position has been 
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stored in advance in the storage means 23. It is, how- 
ever, also possible to calculate the locus of movement 
from the present position of the vehicle V and the target 
position. 

[0029] According to the present invention, the second 
control state in which the operation of the actuator is 
controlled based upon the locus of movement set by the 
movement locus setting means, is gradually changed to 
the first control state in which the operation of the actu- 
ator is controlled based upon the steering torque given 
to the steering wheel by the driver. Therefore, the steer- 
ing reaction of the steering wheel is prevented from sud- 
denly changing, and the driver does not feel an 
incompatibility. 

[0030] The second control state can be gradually 
changed to the first control state relying upon a simple 
control operation. 

[0031] Further, when the driver has quickly operated 
the steering wheel to avoid obstacles, the second con- 
trol state »s qmckJy changed to the first control state, 
making tt pos&bJe to reliably avoid the obstacles. 
[0032] Though the embodiment of the invention was 
descrtaed above tn detail, it should be noted that the 
invention can be modified in a variety of ways without 
departing horn the spirit and scope of the invention. 
[0033] When a dnver voluntarily operates the steering 
during an automatic steering control operation, the 
automatic steering control operation is discontinued and 
a normal power steering control operation is resumed. 
The automatic steering control operation is not quickly 
changed to powef steering control operation, but rather 
is gradually changed to the power steering control oper- 
ation, to prevent a sudden change in the steering reac- 
tion whKh the drrver receives from the steering wheel 
and. hence, to decrease the feeling of incompatibility. 
While the control amount of a steering actuator changes 
accompanying the change of the operation from the 
mode o* automatic steering control operation to the 
mode & power steering control operation, the control 
amount is nearty changed from a value of the automatic 
steering control operation to a value of the power steer- 
ing control operation over a predetermined period of 
time 

Claims 

1 . An automatic steering device for a vehicle compris- 
ing 

an actuator for steering wheels of the vehicle; 
a movement locus setting means for storing a 
. locus of movement of the vehicle, to a target 

position; and _ _ 

a control means coupled to the actuator and 
the movement locus setting means, for chang- 
ing between a first control state for controlling 
the operation of the actuator based on a steer- 
ing torque exerted by a driver on a vehide 



steering wheel and a second control state for 
controlling the operation of the actuator based 
on the locus of movement set by the movement 
locus setting means; wherein the control 
5 means gradually changes the second control 

state to the first control state. 

2. An automatic steering device for vehicles according 
to Claim 1, wherein the second control state is 
w changed to the first control state by changing a con- 
trol amount of the actuator in the second control 
state to a control amount of the actuator in the first 
control state over a predetermined period of time. 

75 3. An automatic steering device for vehicles according 
to Claim 1 , including detection means coupled to 
the control means, for detecting a steering speed or 
a steering torque on the steering wheel, wherein 
the rate of changing the second control state to the 

20 first control state is increased depending upon the 
steering speed or the steering torque that is 
detected. 

4. An automatic steering device for a vehicle compris- 
25 ing: 

an actuator for steering wheels of the vehicle; 
a movement locus setting means for calculat- 
ing a locus of movement of the vehicle to a tar- 

30 get position; and 

a control means coupled to the actuator and 
the movement locus setting means, for chang- 
ing between a first control state for controlling 
the operation of the actuator based on a steer- 

35 ing torque exerted by a driver on a vehicle 

steering wheel and a second control state for 
controlling the operation of the actuator based 
on the locus of movement set by the movement 
locus setting means; wherein the control 

40 means gradually changes the second control 

state to the first control state. 

5. An automatic steering device for vehicles according 
to Claim 4, wherein the second control state is 

45 changed to the first control state by changing a con- 
trol amount of the actuator in the second control 
state to a control amount of the actuator in the first 
control state over a predetermined period of time. 

so 6. An automatic steering device for vehicles according 
to Claim 4, including detection means coupled to 
the control means for detecting a steering speed or 
a steering torque on the steering wheel,- wherein 
the rate of changing the second control state to the 

55 first control state is increased depending upon the 
steering speed or the steering torque that is 
detected. 
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during an automatic steering control operation, the 
automatic steering control operation is discontinued and 
a normal power steering control operation is resumed. 
The automatic steering control operation is not quickly 
changed to power steering control operation, but rather 
is gradually changed to the power steering control oper- 
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mode of automatic steering control operation to the 
mode of power steering control operation, the control 
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